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LIGHT EMITTING DEVICE 

The present application is based on Japanese patent 
application Nos .2003-00423 9, 2003-412959, 2003-004240 and 
5 2 003-197797, the entire contents of which are incorporated 
herein by reference. 

BACKGROUND OF THB INVENTION 
FIELD OF THE INVENTION 
10 This invention relates to a light emitting device and, 

particularly, to a light emitting device with an improved 
adhesion layer for bonding a light emitting element to its 
mounting member. Also, this invention relates to a light 
emitting device with an improved phosphor layer for 
15 wavelength- converting light emitted from a light emitting 
element . 

DESCRIPTION OF THE RELATED ART 
Conventionally, adhesive (adhesion layer) of resin is 
2 0 used for mounting a light emitting element on a lead frame as 
mounting member - In some cases, transparent resin such as epoxy 
resin is used as adhesive since a component of light emitted 
from the light emitting element is discharged toward the lead 
frame and it is necessary to reflect that light component on 
25 the lead frame. 

However, the adhesion layer composed of resin cannot 
sufficiently radiate heat generated from the light emitting 
element to the lead frame (i.e., it lacks in heat radiation 
property) . Also, a light emitting device with adhesion layer 
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of resin cannot be created at high temperature in solder ref low 
oven (i.e., it lacks in heat resistance property) . 

Japanese patent application laid-open No. 07-086640 
(paragraphs 16 and 21) discloses to use low melting point glass 
5 as adhesive (adhesion layer) - Also, it discloses that an 
inaulative filler with good thermal conductivity is blended 
into the adhesive to enhance its heat radiation property to 
radiate heat generated from light emitting element. 

The other related art is disclosed in Japanese patent 
10 application laid-open No » 2001-214093 . 

The adhesion layer disclosed above is expected to have 
good heat resistance and heat radiation properties as compared 
to an adhesion layer only composed of resin. However, as the 
output of light emitting element increases rapidly, higher heat 
15 resistance and heat radiation properties are required to the 
adhesion layer. 

On the other hand, a light emitting device is suggested 
that light emitted from a light emitting element is 
wavelength- converted by phosphor material to obtain a desired 
20 emission color. 

Japanese patent application laid-open Ho . 2001-217466 
discloses a light emitting device that its light emitting 
element is covered with sealing resin material (phosphor layer) 
with phosphor particles dispersed therein. However, since 
25 resin included in the phosphor layer has moisture-absorption 
characteristics, the phosphor is likely to degrade due to 
absorbed moisture . So, Japanese patent application laid-open 
No -2001 -217466 (paragraph 15 etc.) suggests to use an inorganic 
material instead of resin whil dispersing phosphors therein. 
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This can prevent the degradation of phosphor due to moisture. 

The other related arts are disclosed in Japanese patent 
application laid-open Woe . 2001-214093 , 2002 -208733 , 
2002-203989 and 2002-134790, and Japanese patent Wos. 3307316. 
5 3337000, 3230158 and 2924961. 

However, the phosphor layer of conventional light 
emitting device has problems below. 

When an inorganic material such as glass is used as the 
matrix of phosphor layer, it is very difficult to homogeneously 
10 disperse phosphor particles in the matrix since the fluidity 
of inorganic material is low even in softened state. Even if 
a low melting point glass is used as the inorganic material, 
the fluidity in softened state is still lotf. Therefore, the 
amount of phosphor particles to be blended into glass must be 
15 limited- Because of this, the phosphor layer needs to be 
thickened to secure the amount of phosphor particles required 
to obtain sufficient fluorescent light. In this case, there 
occurs a difference in an amount of received light per unit 
volume from the light emitting element between the lower layer 
20 (light emitting element side) and upper layer (light emission 
surface side) of phosphor layer. As a result, lights to be 
radiated from the upper layer and lower layer differ in 
wavelength spectrum distribution and unevenness in emission 
color may occur depending on observation direction. 



25 



OP THE IHVBNTIOW 
It is an object of the invention to provide a light 
emitting device that has an adhesion layer with enhanced heat 
resistance and heat radiation properties. 
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It is another object of the invention to provide a light 
emitting device that can prevent the degradation of phosphor 
and the occurrence of unevenness in emission color, 

(1) According to the first aspect of the invention, a light 
5 emitting device comprises: 

a light emitting element; and 

an adhesion layer to bond the light emitting element to 
a mounting member; 

wherein the adhesion layer is composed of inorganic 
10 material particles and a transparent inorganic binding layer 
to be formed between the neighboring inorganic material 
particles, and the inorganic material particles are 
substantially connected with each other in the adhesion layer, 

(2) According to the second aspect of the invention, an 
15 adhesion layer for bonding a light emitting element to a member 

comprises : 

diamond particles; and 

transparent inorganic binding layer; 

therein the diamond particles are substantially 
20 connected each other in the adhesion layer. 

(3) According to the third aspect of the invention, a method 
of forming an adhesion layer for bonding a light emitting 
element to a mounting member comprises the steps of: 

preparing adhesion layer precursor material by mixing 
25 inorganic -coating forming liquid and inorganic material 
particles; and 

thermally treating the adhesion layer precursor material 
while laying the adhesion layer precursor material between the 
light emitting element and the mounting member. 
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(4) According to the fourth aspect of the invention, a light 
emitting device comprises: 

a light emitting element; and 

an adhesion layer to bond the light emitting element to 
5 a mounting member 

wherein the adhesion layer is formed by thermally 
creating adhesion layer precursor material that 
inorganic-coating forming liquid and diamond particles are 
mixed. 

10 In the light emitting device thus composed, the ratio 

occupied by the inorganic material particles in the adhesion 
layer can be maximized. When the inorganic material particles 
are of material with high thermal conductivity such as diamond, 
the adhesion layer can have high thermal conductivity (heat 
15 radiation property) . 

The entire light emitting device can be composed of 
inorganic material. In such a case, it has a further enhanced 
heat resistance property and can be treated at high temperature 
in solder reflot* oven. 
2 0 (5) According to the fifth aspect of the invention, a method 
of making a light emitting device comprises the steps of: 

preparing precursor material by mixing inorganic -coating 
forming liquid and phosphor particles; 

molding a phosphor frame that opens in the optical axis 
25 of light emitting element using the precursor material; and 
fixing the light emitting element in the phosphor frame. 
(6) According to the sixth aspect of the invention, a light 
emitting device comprises: 

a phosphor frame that opens in the optical axis of light 
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emitting element; and 

the light emitting element thac is fixed in the phosphor 

frame; 

wherein the phosphor frame is composed of phosphor 
5 particles and transparent inorganic binding layer, and the 
phosphor particles are substantially connected each other in 
the phosphor frame . 

(7) According to the seventh aspect of the invention, a light 
emitting device comprises: 

10 a light emitting element; and 

a phosphor layer that radiates fluorescent light while 
being excited by light emitted from the light emitting element; 

wherein the phosphor layer is composed of phosphor 
particles and transparent inorganic binding layer to be formed 
15 between the neighboring phosphor particles. 

(8) According to the eighth aspect of the invention, a light 
emitting device comprises: 

a light emitting element; and 

a phosphor layer that radiates fluorescent light while 
20 being excited by light emitted from the light emitting element; 

wherein the phosphor layer is composed of phosphor 
particles and transparent inorganic binding layer to be formed 
between the neighboring phosphor particles, and the phosphor 
particles are filled to be substantially connected with each 
25 other in the phosphor layer. 

(B) According to the ninth aspect of the invention, a phosphor 
layer for light emitting element comprises: 

phosphor particles; and 

transparent inorganic binding layer to be formed between 
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the neighboring phosphor particles ; 

wherein the phosphor particles are filled to be 
substantially connected *fith each other in the phosphor layer. 
(10) According to the tenth aspect of the invention, a phosphor 
5 layer for light emitting element comprises: 

phosphor particles; and 

transparent inorganic binding layer to be formed between 
the neighboring phosphor particles ; 

wherein a space is formed between the phosphor particles . 
10 (11) According to the eleventh aspect of the invention, a 
method of forming a phosphor layer for light emitting device 
comprises the steps of: 

preparing phosphor layer precursor material by mixing 
inorganic -coating forming liquid and phosphor particles; and 
15 thermally treating the phosphor layer precursor 

material - 

(12) According to the twelfth aspect of the invention, a light 
emitting device comprises: 

a light emitting element? and 
20 a phosphor layer that radiates fluorescent light while 

being excited by light emitted from the light emitting element; 

wherein the phosphor layer is formed by thermally 
treating phosphor layer precursor material that 
inorganic-coating forming liquid and phosphor particles are 
25 mixed. 

(13) According to the thirteenth aspect of the invention, 
31. A light emitting device, comprising: 

a light emitting element; and 

a molded phosphor layer that is of inorganic material 
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molded ♦ 

In the light emitting device thus composed, the phosphor 
layer is formed such that, without dispersing the phosphor 
particles in dispersing agent, the phosphor particles are 
5 substantially connected through the thin transparent inorganic 
binding layer. 

Thereby, the phosphor particles are homogeneously and 
densely filled in the phosphor layer and the amount of phosphor 
per unit volume can be maximized- Therefore, sufficient 
10 fluorescent light can be taken out even when using a thin 
phosphor layer. Thus, the degradation of phosphor and the 
occurrence of unevenness in emission color can be prevented 
s imul taneously . 



IS BRIEF DESCRIPTIONS OP THE DRAWINGS 

The preferred embodiments according to the invention will . 
be explained below referring to the drawings, wherein: 

FIG.1 is an illustration showing the structure of 
adhesion layer obtained according to the invention; 
20 FIG. 2 is a cross sectional view showing a light emitting 

element 10 used in a light emitting device in a first preferred 
embodiment of the invention; 

FIG. 3 is a cross sectional view showing the light emitting 
device 20 in the first preferred embodiment of the invention; 
25 PIG. 4 is an enlarged cross sectional view showing 

adhesion layer in PIG . 3 ; 

FIG. 5 is a cross sectional view showing modification 1 
of the first embodiment; 

fig. 6 is a cross sectional view showing modification 2 
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of the first embodiment; 

PIG - 7 is a cross sectional view showing modification 3 
of the first embodiment; 

FIG. 3 is a cross sectional view shotting a light emitting 
5 device in a third preferred embodiment of the invention; 

FIG -9 is a cross sectional vie** showing modification 1 
of the third embodiment ; 

FIG. 10 is a cross sectional view showing modification 2 
of the third embodiment; 
10 PIG - 11 is an illustration showing the structure of 

phosphor layer obtained according to the invention ; 

FIG. 12 is a cross sectional view showing part of light 
emitting device in a fourth preferred embodiment of the 
invention; 

15 PIG. 13 is a cross sectional view showing modification 1 

of the fourth embodiment; 

FIG.1& is a cross sectional view showing modification 2 
of the fourth embodiment; 

FIG. 15 is a cross sectional view showing the light 
20 emitting device in the fourth preferred embodiment of the 
invention; 

FIG. 16 is a cross sectional view showing a light emitting 
device 140, modification 3 of the fourth embodiment; 

FIG . 17 is a cross sectional view showing a light emitting 
25 device in a fifth preferred embodiment of the invent ion ; 

FIG. IS is a top view showing a phosphor layer 1S1 in 
FIG. 17; 

FIG . 19 is a cross sectional view showing part of 
modification 1 of the fifth embodiment; 
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PXOS.20A and 20B are side views showing variations of a 
phosphor layer 1S8 in FIG. 19; 

FIG . 21 is a cross sectional view showing part of 
modification 2 of the fifth embodiment ; 
5 FIG. 22 is a cross sectional view showing part of a light 

emitting device 150 in a sixth preferred embodiment of the 
invention; and 

FIG. 23 is a cross sectional view cut along the line A-A 
in FIG. 22. 

10 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
First of all, the components of a light emitting device 
of the invention are detailed below. 
[Light emitting element] 

15 The light emitting element includes a light emitting 

diode, a laser diode or the like. The emission wavelength of 
light emitting element is not specifically limited, A III group 
nitride system compound semiconductor element effective for 
emitting ultraviolet light to green system light or a GaAs 

20 system semiconductor element effective for emitting red system 
light can be used. 

A light emitting element used for emitting ultraviolet 
light in the embodiments is III group nitride system compound 
semiconductor light emitting element. Available III group 

2 5 nitride system compound semiconductors for the III group 
nitride system compound semiconductor light emitting element 
are represented by a general formula: AlxGa Y Ini.x-vH (0<X^sl, 0 
^Y^l, O^X+Y^l) . Those composed of Al include two- element 
system such as AIM, and three- element system such as AlxiGai-xxW 
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and Al x& ln x . x iN (0<xl<l) . In the III group nitride system 
compound semiconductors and GaM, at least part of ill group 
element may be replaced by boron (B) , thallium (Tl) etc. and 
at least part of nitrogen (N) may be replaced by phosphorous 
5 (P) , arsenic (As), antimony (Sb) < bismuth (Bi) etc. 

The III group nitride system compound semiconductor may 
include an arbitrary dopant (impurity) . n-type impurity 
available is silicon (Si) , germanium (Ge) . selenium (Se) , 
tellurium (Te) , carbon (C) etc. p-type impurity available is 

10 magnesium (Mg) , zinc (Zn) , beryllium (Be), calcium (Ca) , 
strontium (Sr) , barium (Ba) etc. After doping p- type impurity, 
the III group nitride system compound semiconductor can be 
treated by a Known method such as electron beam radiation, 
annealing and plasma radiation to lower the resistivity, but 

15 this treatment is not needed necessarily. 

Ill group nitride system compound semiconductor layer can 
be formed by MOCVD (metal organic chemical vapor deposition) - 
It is not always necessary to form all semiconductor layers to 
compose the light emitting element by MOCVD. Instead of MOCVD, 

20 molecular beam epitaxy (MSB) , hydride vapor phase epitaxy 
(HVPE) . sputtering, ion plating, electron shower etc. may be 
used. 

The light emitting element may include MIS junction, PIN 
junction or pn-junction included homo -structure, 
25 hetero- structure or double hetero- structure. Light emitting 
layer thereof may include quantum well structure (single 
quantum well structure or multi -quantum well structure) . The 
III group nitride system compound semiconductor light emitting 
element may be of a face-up type that main light emission 
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direction (electrode surface) is in the optical axis direction 
of light emitting device or a flip-chip type that main light 
emission direction is in the opposite direction to the optical 
axis direction to use reflected light. 
5 [Inorganic material particle] 

The inorganic material particle only has to have a high 
thermal conductivity. It is preferably a powdered material of 
diamond, aluminum nitride, alumina, silica, magnesium oxide, 
titanium oxide etc. It is more preferably diamond with a high 
10 thermal conductivity. 

The shape of inorganic material particle is not 
specifically limited. Although the diameter thereof is not 
specifically limited, it is preferably several hundreds of 
nanometers to several tens of micrometers. Several kinds of 
15 inorganic material particles may be used together. 
[Phosphor particle] 

The phosphor particle may be a phosphor generally used 
in light emitting device, such as YAG phosphor used for blue 
system light emitting element. 
20 For example, inorganic phosphors available are as follows , 

Those with red system emission color includes: 
SMgO > As a 0 5 : Mn fl *Y ( PV) O fl : Eu ; CaLa 0 . iEu 0 . sGa 3 0 7 ; BaY 0 . 9 Sm 0 . !Ga 3 0 7 ; 
Ca(Y 0 . 5 EUo.5> (Gao.sln 0 . 5 ) 3 07; Y 3 Q 3 :Eu; YVO*:Eu; Y 2 Q 2 :Eu; 3.5MgO" 
0.5WgF 3 GeO 2 :Mn Q * ? and (Y-Cd)BO a :Eu etc. Those with blue system 
25 emission color includes: (Ba, Ca, Mg) s (PO c ) 3 cl :Bu 2 *; (Ba, 
Mg) a Ali 6 0 3 7 : Eu a+ ; Ba 3 MgSi 2 0 6 : Eu 2+ ; BaMg 2 Al 16 0 2 7 : Eu 2t ; (Sr, 
Ca) 10 (PO«> 6 C1 2 : Eu 2 \- (Sr, Ca) io (PO*) sCla-nB 2 0 3 :Eu a \> 
Sr 10 (PO«) 6 Cl 3 :Eu 2 *; (Sr. Ba, Ca) 5 ( PO*) 3 C1 : Eu 2 " ; Sr 2 P a 0 7 :Eu; 
Sr 5 (PO fl ) 3 Cl:EU; (Sr, Ca, Ba) 3 (FO4) 6 C1 : Eu; SrO' P 3 0 5 -B 2 0 5 : Eu; (Ba 
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CaMPOJjCl-.Eu; SrLa 0 .9sTmp.osGa,07; ZnS:Ag; GaWO a ; Y a Si0 6 :Ce; 
ZnS:Ag, Ga. CI; Ca a Ba a OCl :Eu a \- BaMgAl a 0 3 : Eu 8 *; and a phosphor 
represented by a general formula: (Ml. Eu) 10 (P0«) 6 ci a , where Ml 
is at least one element selected from the group of Mg. Ca, Sr 
5 and Ba) ate. Those with green system emission color includes: 
Y 3 Al s 0 la :Ce 3 -(YAG) ; Y a SiO s : C6 3 \ Tb 3 * ; Sr a Si 3 O e ' 2SrCl 2 : EU; 
BaMg a Ali 6 Oa7:Eu 3 *. Mn 2 *; ZnSi0 4 :Mn; Zn a SiO«:Mn; LaPO«:Tb; 
SrAl a O«:Eu; SrLa 0 .aTbo.e6a 3 07; CaYo.aPro.iGajO,; ZnGd 0 . »Ho 0 . a Ga 3 o 7 ; 
BrLa 0 .6Tbo.dAl 3 0 7 ; ZnS:Cu. Al; (Zn, Cd)S:Cu. Al; ZnS:Cu, Au, Al; 
10 Zn a SiO«:Mn; ZnSi0 4 :Mn; ZnS:Ag. Cu; (ZnCd) S : Cu; ZnS:Cu; 
GdOS:Tb; LaOSrTb; YSi0 4 :Ce'Tb; ZnGeOa'.Mn; GeMgAlO : Tb ; 
SrGaS.EU 2 "; ZnS.CuCo; MgO • nB a 0 3 : Ge , Tb; LaOBr:Tb, Tm; and 
La a O a S:Tb etc. Those with white system emission color includes: 
YV<s:Dy. Those with yellow system emission color includes: 
15 CaLu 0 .sDYo.5Ga 3 07. 

When light emitted from the light emitting element has 
so-called an ultraviolet wavelength of 400 nm or less, available 
is any one or a combination of two or more selected from 
phosphors: ZnS:Cu, Al ; (Zn. Cd)S.CU. Al; ZnS:Cu, Au. Al; 
20 Y a SiO s :Tb,- (Zn, Cd)S:Cu; Gd a O a S:Tb; Y a O a S:Tb; Y 3 Al 5 Oi a :Ce; (Zn, 
Cd)S:Ag; ZnSrAg, Cu. Ga, Cl; Y 3 Al s Oi a : Tb ; Y 3 (Al. Ga) 5 0 ia :Tb; 
Zn 3 SiO a :Mn; LaPO A :Ce, Tb; Y a O a S:Eu; ¥VO d :EU; ZnS:Mn; Y 2 0 3 :Eu; 
ZnS:Ag, ZnS:Ag, Al; (Sr. Ca, Ba, Mg) io (PO ft ) «Cl a : Eu; 
Srio(PO«)«Cl a :Eu; (Ba. Sr, Eu) (Mg, Eto)Ali 0 O 17 ; (Ba, Eu) MgAli 0 Oi 7 ; 
25 ZnO.Zn; and Y a Si0 5 :Ce. 

Two or more of different kinds of phosphors may be 
combined. 

A second phosphor may radiate light with a third 
wavelength by absorbing light emitted from the light emitting 
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element or light emitted from a first phosphor. 

A light diffusion material can be used together with the 
phosphor. Thereby, unevenaess in emission can be reduced. 
[Transparent inorganic binding layer] 
5 The transparent inorganic binding layer is of an 

inorganic material to combine inorganic material particles (or 
phosphor particles) together. Conventionally, transparent 
resin or low melting point glass was used as a dispersing agent 
for inorganic material particles (or phosphor particles) , i.e., 
10 inorganic filler. However, the transparent inorganic binding 
layer of the invention does not serve as a dispersing agent for 
inorganic material particles (or phosphor particles) . This is 
because a volume occupied by transparent inorganic binding 
layer in adhesion layer (or phosphor layer) is extremely smaller 
15 than that occupied by inorganic material particles (or phosphor 
particles) therein. As shown in FIG,1 (or FIG. 11) , the 
thickness of transparent inorganic binding layer 3 to cover an 
inorganic material particle 1 (or phosphor particle 101) is 
several nanometers, whereas the average diameter of inorganic 
20 material particle 1 (or phosphor particle 101) is several 

micrometers. In other words, inorganic material particles 1 
(or phosphor particles 101) with a diameter of about thousand 
times the thickness of transparent inorganic binding layer 3 
are bound together through the very thin layer 3 with a thickness 
25 of several nanometers. 

It is preferable that the transparent inorganic binding 
layer 3 has a smaller thickness than the average diameter of 
inorganic material particle 1 (or phosphor particle 101) to be 
qually and densely filled with the inorganic material 
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particles (or phosphor particles 101) , 

It is impossible to sufficiently fill between inorganic 
material particles with such a thinned transparent inorganic 
binding layer 3. Thus, spaces 5 are generated between the 
5 inorganic material particles 1 and, therefore, the adhesion 
layer of the invention becomes porous. In general, with such 
a porous adhesion layer, the thermal conduction will be reduced. 
However, since the transparent inorganic binding layer of the 
invention is so thin that the inorganic material particles are 
10 substantially connected with each other, th© thermal 
conductivity can be enhanced contrariwise. 

On the other hand, when the inorganic material particles 
are densely filled through the transparent inorganic binding 
layer 3, light emitted from the light emitting element and light 
15 radiated from the phosphor particles 101 are diffusely 

reflected by the space 5. Therefore, both lights can be 
efficiently mixed even with a thin phosphor layer to obtain 
light with desired color such as white. 

The transparent inorganic binding layer can be formed 
20 using inorganic- coating forming liquid. The 

inorganic -coating forming liquid may be, for example, liquid 
used to form a protection film of semiconductor substrate . Such 
inorganic -coating forming liquid is coated on the semiconductor 
substrate and then, by baXing after drying, is formed into thin 
25 film (protection film) to closely contact the semiconductor 
substrate. Such inorganic -coating forming liquid is not 
specifically limited if it has a low viscosity and can be 
homogeneously mixed with inorganic material particles (or 
phosphor particles) , forming thin film around the inorganic 
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material particles (phosphor particles) , thereby containing 
them each other and being securely bonded to the mount member 
and light emitting element. 

For example, the inorganic-coating forming liquid may be 
5 composed of a mixture of the hydrolysate and the 

hydrolysis/condensation polymer of an alkoxide compound 
represented by general formula: (OR 1 ) ro R a a .m- where M includes 
any one of Si, hi. Zr and Ti, R 1 is hydrocarbon group with a 
carbon number of 1 to 5. alokoxyalkyl group or acyl group, R 2 
10 is an organic group including at least one selected from vinyl, 
amino, imino, epoxy, acryloyloxy, methacryloyloxy , phenyl, 
mercapto and alkyl groups, a is a valance of M, and a and m are 
integers. 

The hydrolysis and condensation polymerization of 
15 alkoxide compound represented by general formula: M** (OR 1 ) ro R a a-m 
is performed as follows . 

M*-(OR x )mRVm * H 2 0 M a *(OR 1 ) m . n (OH) n RV m + nROH 

M° + (OR l ) B -n(OH)„RV ra * Bfl a *(OR 1 ) m - n (OH)»R a a.m ~* 

(OH) n - 1 (OR 1 )^nRV ra M Q '-0-M a+ (OR 1 ) m . a RVin(OH) XJ -i ♦ H a O 
20 The inorganic -coating forming licjuid of the invention is 

a mixture of the hydrolysate and the hydrolysis/condensation 

polymer of an alkoxide compound mentioned above, and has 

fluidity equal to that of water. 

When metal element, M is si in the general formula, si lane 
25 compounds available are as follows: vinyl trimethoxysilane, 

vinyl trie thoxy s i 1 ane ; vinyl t r i ace t oxy s i 1 ane ; 7 

- am i n op r opy ltrime t hoxy silane, 7 

-glicidoxypropyltrimethoxysilane , 7 

- gl i c i doxypr opy 1 1 r i e t hoxy s i 1 ane , 0 



20041 1J) 9B \mn HI RATA&PARTNERS NO. 7573 P. 20 



17 



- (3, fi-epoxycyclohexyl> echyltrime thoxys i lane, T 

- (3 , 4,-epoxycyclohexyl) ethyltriethoxysilane, T 
• (metha) acryloxypropyltrimethoxysilane, 
phenyltrimethoxysilane, phenylcriacetoxysilane, 7 

5 - mer cap topropy 1 1 r ime rhoxys i 1 ane , T 

-chloropropyltrimethoxysilane. j3 -cyanoethyltriethoxyeilane. 
me thy 1 1 r ime thoxys i 1 ane - me thyl trie thoxys i 1 ane , 
me thyl tr ipropoxys i 1 ane , methyl tr Ibutoxy s i lane , 
e thyl t r Ime choxy s i 1 an© , ethyl trie thoxys i lane , 
10 tetramethoxysilane, tetraethoxysilane, tetrapropoxysilane, 
tetrabutoxysilane etc . 

Known coating forming liquid such as polyimidesiloxane 
can be also used as the inorganic -coating forming liquid 
(Japanese patent application laid-open Nob . 11-110754 , 
15 9-183948) . Tow or more kinds of inorganic-coating forming 
liquid as listed above can be used mixing together . 

The application of adhesion layer precursor material and 
phosphor layer precursor material **ill be explained below. 
(1) Adhesion layer precursor material 
2 0 The adhesion layer precursor material is obtained by 

mixing the inorganic -coating forming liquid and inorganic 
material particles. The adhesion layer precursor material is 
sol -formed and has high fluidity. Thereby, in mounting the 
light emitting element, the adhesion layer precursor material 
25 can be easily coated on the side and top surfaces of light 
emitting element . When an adhesion layer is given by hardening 
the adhesion layer precursor material, the adhesion layer with 
a high thermal conductivity contacts the light emitting element 
in wide area. Therefore, the heat radiation of light emitting 
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element can be enhanced. 

When the light emitting element is of flip-chip type, its 
electrode is bonded through a bump to a mounting member such 
as sub mount. In such a mounting structure, though there occurs 
5 a space between the electrode face of light emitting element 
and the mounting member, the adhesion layer precursor material 
of the invention can penetrate the space to fill there. Thereby, 
the heat radiation can be enhanced, the adhesion force in bump 
connection can be reinforced and the insulation in electrode 
10 face can be ensured. 

The fluidity of adhesion layer precursor material can be 
controlled by adjusting the blend ratio of inorganic-coating 
forming liquid and inorganic material particles or by adding 
an auxiliary agent such as thickener. 
15 The inorganic-coating forming licjuid can be hardened at 

a relatively low temperature, thereby fixing the inorganic 
material particles and bonding the light emitting element to 
the mounting member. Si lane compounds in the embodiments are 
hardened at around 200 *C . In case of thermal treatment at 
20 around 500 *C , most of organic components will be disassociated, 
Also, in the heating at higher than 500 bonding wires and 
ics connection site are subjected to a load. Therefore, it is 
preferable that the heating temperature of inorganic-coating 
forming licjuid is controlled lower than 500 . 
25 (2) Phosphor layer precursor material 

The phosphor layer precursor material is obtained by 
mixing the phosphor layer precursor material and phosphor 
particles. The phosphor layer precursor material is 
sol-formed and has high fluidity. Thereby, an arbitrary form 
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of phosphor layer can be made using this. Directly coating the 
phosphor layer precursor material on the light emitting element, 
the entire light emitting element can be coated with this 
material. Further, the phosphor layer precursor material may 
5 be filled in a cup portion on which the light emitting element 
is mounted. 

If the phosphor particles contain an alkaline earth metal 
element, the alkaline earth metal element may react with water 
to lower the efficiency of phosphor. Therefore, if the 

10 inorganic -coating forming liquid may contain moisture, it is 
necessary to remove moisture from the inorganic -coating forming 
liquid or phosphor layer precursor material before and/or after 
the mixing . The removal of moisture can be conducted by heating , 
vacuuming or using a drying agent. 

15 The inorganic -coating forming liquid can be hardened at 

a relatively low temperature, thereby fixing the phosphor 
particles. Silane compounds in the embodiments are hardened 
at around 200 V, . In case of thermal treatment at around 400 *C , 
most of organic components will be disassociated. Also, in the 

20 heating at higher than 500 *C , the phosphor may be denatured. 
Therefore, it is preferable that the heating temperature of 
inorganic -coating forming liquid is controlled lower than 
500 XI. 

Further, the phosphor layer precursor material can be 
2 5 molded using its fluidity. For example, the phosphor layer 
precursor material is injected into a metal mold having a shape 
of phosphor layer. The light emitting element is covered with 
the phosphor layer thus molded. Thus, the phosphor layer can 
be formed into arbitrary shape at a high dimensional precision. 
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[First embodiment] 

FIG. 2 is a cross sectional view showing a light emitting 
element 10 used in a light emitting device in the first preferred 
embodiment of the invention. 

In this embodiment, a face-up type ill group nitride 
system compound semiconductor light emitting element 10 as 
shown in FIG. 2 is used. The light emitting element 10 emits 
blue system light. The details of layers composing the light 
emitting element 10 are as follows: 

Layers composition 
p-type layer 15 p-GaN:Hg 
layer 14 including InGaW layer included 

light emitting layer 

n-type layer 13 n-GaN:Si 
buffer layer 12 A1N 
substrate 11 sapphire 

The emission wavelength of light emitting element 10 can 
be adjusted by controlling the composition ratio of III group 
element in layer 14 including light emitting layer. 
Alternatively, a flip-chip type light emitting element may be 
used that a thick p- electrode to cover the surface of p-type 
layer 15 is provided instead of a transparent electrode IS and 
p-electrode 17. 

n-type layer 13 of GaN with n-type impurity Si doped is 
grown through buffer layer 12 on the substrate 11- Although 
the substrate 11 is of sapphire in this embodiment, it may be, 
instead, of spinel, silicon carbide, zinc oxide, magnesium 
oxide, manganese oxide, zirconium boride or III group nitride 
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system compound semiconductor ©ingle crystal etc. The buffer 
layer 12 of A1N is grown by MOCVD- It may be of GaN, InN, AlGaN, 
inGaN, AlGalnN etc. and may be grown by molecular beam epitaxy 
(MBE), hydride vapor phase epitaxy (HVPE) , sputtering, ion 
5 plating etc. When the substrate 11 is of III group nitride 
system compound semiconductor, the buffer layer can be omitted. 

Meanwhile, the substrate and buffer layer can be removed 
after forming the semiconductor element, when needed. 

Although n-type layer 13 is of GaN. it may be of AlGaN, 
10 InGaN or AlInGaN. 

Although n-type impurity Si is doped in the n-type layer 
13, the other n-type impurity, e.g. Ge, Se, Te and C may be doped 
therein. 

The layer 14 including light emitting layer can have 
15 quantum well structure (mul tiquantum well structure or single 
quantum well structure) . The structure of light emitting 
element maybe of single-hetero type, double-hetero type or homo 
junction type. 

The layer 14 including light emitting layer may also 
20 include Mg- doped III group nitride system compound 
semiconductor layer with a large bandgap on the p-type layer 
15 side. This prevents electrons injected into the layer 16 
including light emitting layer from dispersing into the p-type 
layer 15. 

25 p-type layer 15 of GaN with p-type impurity Mg doped is 

grown on the layer IS including light emitting layer. The 
p-type layer 15 may be of AlGaN, InGaN or AlinGaN. P-type 
impurity may be Zn, Be, Ca, Sr or Ba. After doping p-type 
impurity, the layer 15 can be treated by a known method such 
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as electron beam radiation, annealing and plasma radiation to 
lotfer the resistivity, but this treatment is not needed 
necessarily. 

In this embodiment, the III group nitride system compound 
semiconductor layer is grown, under general conditions, by 
MOCVD, molecular beam epitaxy (MBE) , hydride vapor phase 
epitaxy (HVPE) , sputtering, ion plating etc. 

n- type electrode 18 is composed of two layers of hi and 
v. After growing the p-type layer 15. pare of the p-type layer 
15, layer 14 including light emitting layer and n-type layer 
13 is removed by etching, then forming the n-type electrode 18 
on exposed n-type layer 13 by vapor deposition. 

Transparent electrode 16 formed on the p-type layer 15 
is thin film including gold. Also, p-type electrode 17 formed 
on the transparent electrode 17 by vapor deposition is of 
material including gold. 

After forming the layers and electrodes as described 
above, the wafer is separated into chips. 

Adhesion layer precursor material is prepared ae next. 

At first, agitating a mixture of 7 
-glycidoxypropyltrimethoxysilane of 70.71 g, water of 32.32 g 
and isopropylcellosolve of 56.97 g at room temperature in a 
beaker of 200 ml for one hour, inorganic-coating forming liquid 
is obtained. 

Adding diamond particles (average particle diameter of 
3 n m ) of €1.0 g to inorganic-coating forming liquid, 
dispersing it in a ball mill pot, adhesion layer precursor 
material is obtained. 

Baking the adhesion layer precursor material at 600 *C 
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for 10 min, the inorganic -coating forming liquid is hardened 
to have thin transparent inorganic binding layer to cover the 
diamond particles. Thereby, the diamond particles are bonded 
to each other. 

5 FIG. 3 is a cross sectional view showing the light emitting 

device 20 in the first preferred embodiment of the invention. 
PIG. 6 is an enlarged cross sectional view showing adhesion layer 
in PIG. 3. 

In this embodiment , the substrate surface of light 
10 emitting element 10 is bonded to the bottom of cup potion 32 
of mount lead 31. The mount lead 31 and sub lead 33 are sealed 
by sealing member 37 with a shape of lamp type- 
In bonding the light emitting element 10 to the cup portion 
32, at first, the adhesion layer precursor material is laid 
15 therebetween. Then, thermally treating at 400 t: for 10 min., 
the adhesion layer precursor material is changed to adhesion 
layer 39 to securely bond the light emitting element 10 to the 
cup portion 32 (See FIG, 4). 

In the adhesion layer 39, diamond particles 1 are nearly 
20 in state of continuity (See FIG.1) ♦ Thus, the adhesion layer 

39 can enjoy a good heat radiation property. 

FIG. 5 is a cross sectional view showing modification 1 
of the first embodiment . In this modification, adhesion layer 

40 is formed extending to the side of light emitting element 
25 10. Due to a high thermal conductivity of the adhesion layer 

60, the greater the contact area with the light emitting element 
10 is, the more heat can be radiated outside from the light 
emitting element 10. Since the light emitting element 10 
generates heat especially in light emitting layer, it is 
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preferable chat the adhesion layer 60 is formed extending to 
the region of light emitting layer. 

FIG. 6 is a cross sectional view showing modification 2 
of the first embodiment . In this modification, adhesion layer 
5 41 is formed extending to the top surface of light emitting 
element 10. Since the adhesion layer 41 has an insulative 
property, leakage current on the surface of light emitting 
element 10 can be prevented. 

FIG. 7 is a cross sectional view showing modification 3 
10 of the first embodiment. In this modification, a flip -chip type 
light emitting element 50 is used. The flip-chip type light 
emitting element 50 is composed such that, in the face-up type 
shown in FIG. 2, a thick p- electrode covering the surface of 
p-type layer is formed instead of the transparent electrode 16 
15 and pad-like p-electrode 11 . The light emitting element 50 is 
bonded through bumps 51, 52 to a submount 55, and the submount 
55 is bonded to the cup portion 32. 

In modification 3, the adhesion layer precursor material 
is filled in a clearance between the light emitting element 50 
20 and submount 55. Since the adhesion layer precursor material 
has a high fluidity, it can be embedded in the clearance while 
leaving no space therebetween. Hardening the adhesion layer 
precursor material, an adhesion layer 59 of inorganic material 
with a good thermal conductivity is obtained. Due to the 
25 adhesion layer 59, the heat radiation property can be enhanced 
and the leakage current on electrode surface can be prevented. 
Also, the adhesion layer 59 can reinforce the adhesive force 
of bumps 51 and 52. 
(Sec nd embodiment] 
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In the second embodiment, the light emitting device shown 
in PIGS.fi, 5, 6 and 7 use phosphor particles as the inorganic 
material particles in the adhesion layer 39, €0, 61 or 59. 

In detail, phosphor layer precursor material is prepared 
5 as follows. 

At first, agitating a mixture of 7 
-glycidoxypropyltrimethoxysilane of 70.71 g, water of 32.32 g 
and isopropylcellosolve of 54.97 g at room temperature in a 
beaker of 200 ml for one hour, inorganic- coating forming liquid 

10 is obtained. 

Adding YAG system phosphor particles (average particle 
diameter of 3 Mm) of 61.0 g to inorganic -coating forming liquid, 
dispersing it in a ball mill pot for three hours, the phosphor 
layer precursor material is obtained. 

15 Baking the phosphor layer precursor material at 600 *C 

for 10 min while providing it between the light emitting element 
and cup portion, the inorganic-coating forming liquid is 
hardened to have thin transparent inorganic binding layer to 
cover the phosphor particles . Thereby, the phosphor particles 

20 are bonded to each other and the light emitting element is bonded 
to the cup portion through inorganic- coating forming liquid. 
[Third esabodi&iant] 

FIG. 3 is a cross sectional vie*? showing a light emitting 
device in the third preferred embodiment of the invention . Like 

25 components are indicated same numerals used in PIG. 4 (first 
embodiment) . 

The light emitting device has a phosphor frame 61 that 
opens in the optical axis direction, and the light emitting 
element is mounted in the phosphor frame 61 . The phosphor frame 
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61 is made by molding the phosphor layer precursor material in 
the second embodiment. The shape of phosphor frame 61 can be 
designed arbitrarily according to the use of light emitting 
element. Pilling material 63 is filled within the phosphor 
5 frame 61. The filling material 63 is prepared by dispersing 
phosphor particles, which are the same as chose included in the 
adhesion layer, into transparent material. Pilling the 
phosphor layer precursor material used in the second embodiment 
within the phosphor frame 61 and hardening it by thermal 
10 treatment, the filling material 63 may be formed. 

FIG. 9 is a cross sectional view showing modification 1 
of the third embodiment. In modification 1, a metallic 
reflection layer 71 is formed under the phosphor frame 61. 
Thereby, light to be radiated downward from the light emitting 
15 element 10 and phosphor frame 61 is reflected in the optical 
axis direction. So, the light extraction efficiency of light 
emitting device can be enhanced. 

FIG. 10 is a cross sectional view shoeing modification 2 
of the third embodiment. In modification 2, metallic 
20 reflection layer 73 is formed around all the outer surfaces of 
phosphor frame 61. Thereby, light to be radiated downward and 
sideward from th© light emitting element 10 and phosphor frame 
61 is reflected by the metallic reflection layer 73. SO, the 
light extraction efficiency of light emitting device can be 
25 further enhanced. 

Meanwhile, in FIGS . 9 and 10, like components are 
indicated by same numerals used in the previous embodiment and 
explanation thereof is omitted. 
[Fourth embodiment] 
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FIG. 12 is a cross sectional view showing part (light 
emitting element, phosphor layer) of light: emitting device in 
the fourth preferred embodiment of the invention. PIG. 13 is 
a cross sectional view showing modification 1 of the fourth 
5 embodiment. FIG . 14 is a cross sectional view showing 
modification 2 of the fourth embodiment- FIG. IS is a cross 
sectional view showing the light emitting device in the fourth 
preferred embodiment of the invention. 

In the fourth embodiment, a face-up type III group nitride 
10 system compound semiconductor light emitting element 10 as 
shown in fig. 2 is used. The light emitting element 10 emits 
blue system light. 

Phosphor layer precursor material is prepared as follows . 
At first, agitating a mixture of 7 
15 -glycidoxypropyltrimethoxysilane of 70.71 g, water of 33.32 g 
and isopropylcellosolve of 54.97 g at room temperature in a 
beaker of 200 ml for one hour, inorganic -coating forming liquid 
is obtained. 

Adding YAG system phosphor particles (average particle 
20 diameter of 3 /zm) of SI. 0 g to inorganic- coating forming liquid, 
dispersing it in a ball mill pot for three hours, the phosphor 
layer precursor material is obtained. 

Baking the phosphor layer precursor material at 400 *C 
for 10 min while providing it between the light emitting element 
25 and cup portion, the inorganic- coating forming liquid is 
hardened to have thin transparent inorganic binding layer to 
cover the phosphor particles. Thereby, the phosphor particles 
are bonded to each other to form a phosphor layer. 

In detail, the phosphor layer precursor material is 
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coated on the top surface (main emission surface) of light 
\ emitting element 10 before being separated from a wafer, then 

thermally treated on the above conditions (400 V, , 10 min.), 
! thereby phosphor layer 120 is formed on the top surface of light 

5 emitting element 10 as shown in FIG. 12. 

On the other hand, when the phosphor layer precursor 
material is coated on a light emitting element 10 separated from 
the wafer, the phosphor layer precursor material can be coated 
also on the side of light emitting element by virtue of its 
10 fluidity. Further, when a light emitting element is soaked in 
phosphor layer precursor material, then the entire surface of 
light emitting element can be coated with the phosphor layer 
precursor material. By thermally treating them, the entire 
surface or top and side surfaces of light emitting element can 
15 be covered with phosphor layer (See FIG. 13 and FIG. 14). 

FIG, IS shows a light emitting device 130 in which the light 
emitting element 10 covered with phosphor layer 130 is installed. 
In the light emitting device 130, the light emitting element 
10 is bonded to the cup portion 32 of mount lead 31. The mount 
2 0 lead 31 and sub lead 33 are sealed with sealing member 37 of 
lamp shape. 

In operation of light emitting device 130, light radiated 
from the light emitting element 10 excites phosphor in the 
phosphor layer 120 and fluorescent light is radiated from the 
25 phosphor. For example, when the light emitting element 10 is 
blue system LED and phosphor to be excited by blue light is used, 
white system light can be output from the light emitting device 
130. 

FIG . 16 is a cross sectional view showing a light emitting 
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device 140, modification 3 of the fourth embodiment- In the 
light emitting device ISO. phosphor layer precursor material 
ie filled and hardened in the cup portion 32 instead of forming 
the phosphor layer 120 on the surface of light emitting element 
5 10. Thereby, phosphor layer 141 covering the entire light 
emitting element can be obtained. Meanwhile, in this 
embodiment, since phosphor is densely filled in the phosphor 
layer 141. the light transmissivity of phosphor layer may lower 
depending on kind of phosphor. In this case, it is preferable 
10 that transparent filling particles are mixed with phosphor 
particles in order to secure the passage of light. 
(Fifth embodiment] 

FIG .17 is a cross sectional view showing a light emitting 
device in the fifth preferred embodiment of the invention. 
15 FIG . 18 is a top view showing a phosphor layer 151 in FIG. 17. 
FIG . 19 is a cross sectional view showing part of modification 
1 of the fifth embodiment. FIGS.20A and 20B are side views 
showing variations of a phosphor layer 14© in FIG. 19. FIG. 21 
is a cross sectional view showing part of modification 2 of the 
20 fifth embodiment - 

As shown in FIG. 17, in the fifth embodiment, the light 
emitting device ISO is constructed such that the light emitting 
element 10 is covered with phosphor layer 151 that is formed 
cup- shaped by press molding. In FIG. 17, like components are 
25 indicated by same numerals used in FIG. 15 and explanations 
thereof are omitted. As shown in FIG. 10, the phosphor layer 
151 formed by press molding is provided with cutting regions 
152. 1S3 to allow bonding wires to escape. 

PIG. 19 shows a light emitting device ISO as modification 
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1 of the fifth embodiment . The light emitting device 160 use© 
a flip-chip type light emitting element 161 . The light emitting 
element 161 is bonded through bumps 162, 163 to lead frames 165, 
166 formed on a base member 164. The light emitting element 
5 161 is covered with phosphor layer 166 that is formed box-shaped 
by press molding. The flip-chip type light emitting element 
161 is composed such that, in the face-up type shown in PIG. 2, 
a thick p- electrode covering the surface of p-type layer is 
formed instead of the transparent electrode 16 and pad- like 

10 p-electrode 17. 

Alternatively, the phosphor layer 168 may be replaced by 
another phosphor layer shaped by press molding as shown in 
FIG.20A or 20B. Phosphor layer 171 shown in FIG.20A is of lamp 
type. Phosphor layer 173 shown in FIG.20B is of reflection lens 

15 type. 

FIG.21 shows a light emitting device 180 as modification 
2 of the fifth embodiment. The light emitting device 180 is 
constructed such that a phosphor layer 181 formed by molding 
is used as a base member and the light emitting element 10 is 
20 mounted on the phosphor layer 181. In FIG . 21, 183 is a 
reflection case, 184 and 185 are lead frames. In the light 
emitting device 180 thus constructed, light emitted from the 
light emitting element 10 is reflected on the reflection case 
183, then entering the phosphor layer 181 to excite phosphor 
25 in the phosphor layer 181. 
[Sixth embodiment] 

FIG. 22 is a cross sectional view showing part of a light 
emitting device 190 in the sixth preferred embodiment of the 
invention. PIG. 23 is a cross sectional view cut along the line 
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A-A in PIG. 22, 

In che sixth embodiment, transparent material 199 is 
filled between the box- type phosphor layer 168 formed by molding 
and flip-chip type light emitting element 161. 
5 Although phosphor contained in the phosphor layer 168 is 

not specifically limited. YAG system phosphor and BOS system 
phosphor are preferable. For the9e phosphors, the light 
emitting element 161 may be used that emits one or more of 
ultraviolet light, red system light, blue system light, yellow 
10 system light and green system light. 

when a phosphor such as YAG system phosphor with high light 
conversion efficiency is used that a sufficient wavelength 
conversion function can be given even in small amount, it is 
preferable to introduce a filler such as Si0 2 . &l 2 0 3 and Ti0 3 
15 in the phosphor layer precursor material. This is because the 
f ormability of phosphor layer 168 can be enhanced by introducing 
the filler. Even when the filler ie introduced, the entire 
phosphor layer 168 can have a sufficient light conversion 
function because the phosphor itself has high light conversion 
20 efficiency. 

The thickness of phosphor layer may be arbitrarily 
determined according to a color tone required to the light 
emitting device. It is not necessary for the phosphor layer 
168 to have an equal thickness in the entire area . The thickness 
2 5 can be varied depending on the intensity of light emitted from 
the light emitting element 161. 

The lower end of phosphor layer 168 is to be located lower 
than the light emitting layer of light emitting element 161. 
It is preferable, as shown in FIG . 22 , that the lower end of 
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phosphor layer 168 abuts on the surface of base member 164 on 
which the light emitting element 161 is mounted. Thereby, light 
emitted from the side of light emitting element 1(51 can be 
securely introduced in the phosphor layer 168 to be 
5 wavelength- converted. 

As shown in FIG . 23, transparent inorganic material 199 
is filled, with leaving substantially no space, between the 
phosphor layer 168 and light emitting element 161. By filling 
the transparent inorganic material 199 , an air layer existed 
10 therebetween is eliminated. Thus, since the transparent 
inorganic material 199 with a higher refractive index than air 
or vacuum state exists around the light emitting element 161, 
the light extraction efficiency from light emitting element 161 
can be enhanced. Further, heat generated from the light 
15 emitting element 161 is evenly radiated through the transparent 
inorganic material 199 and phosphor layer 168 to the sealing 
member 37 located outside them. Such even radiation of heat 
prevents the heat deterioration of sealing member 37. 
Furthermore, since heat generated from the light emitting 
20 element 161 is more efficiently radiated by the transparent 
inorganic material 199, the heat deterioration in function of 
light emitting element 161 can be also prevented. In addition, 
since the mechanical strength of phosphor layer 168 is 
reinforced by the transparent inorganic material, the sealing 
25 member 37 can be formed easier. 

The transparent inorganic material 199 is preferably of 
inorganic -coating forming liquid composing the phosphor layer 
precursor material in order to enhance the adhesion property 
with the phosphor layer 168. 
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The light emitting device 190 of the sixth embodiment is 
fabricated as next. 

The flip-chip type light emitting element 161 is bonded 
through bumps 162, 163 to the lead frames 165, 166. In separate 
5 step, the box- type phosphor layer 168 is made by molding. 
Pilling inorganic -coating forming liquid with transparency and 
with fluidity into the box- type phosphor layer 168, the light 
emitting element 161 is covered with the phosphor layer 16©. 
Thereby, the inorganic-coating forming liquid is filled between 
10 the phosphor layer 168 and light emitting element 161. Then, 
by conducting the thermal treatment, inorganic- coating forming 
liquid is hardened and the phosphor layer 168 is securely bonded 
to the light emitting element 161. 

15 Although the invention has been described with respect 

to the specific embodiments for complete and clear disclosure, 
the appended claims are not to be thus limited but are to be 
construed as embodying all modifications and alternative 
constructions that may occur to one skilled in the art which 

20 fairly fall within the basic teaching herein set forth* 



